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Abstract 
A bandwidth limiting neutron chopper prototype for spallation-neutron facilities is introduced. The content includes 
the structure of the chopper, design specifications, neutron absorber construction and motor phase control. The 
investigation shows that the strength of Boron Carbide + Resin composite covered on an Aluminum alloy disk is high 
enough when the chopper rotor runs at a speed of 3000 rpm. A general purpose PM servo motor was equipped for the 
chopper. High accuracy phase tracking performance was achieved for the chopper based on a dual-loop motor control 
structure including a velocity loop and a phase loop. Torque disturbance was well restrained by the velocity control 
loop at a high sampling rate with help of a high resolution encoder in the motor. With the stable inner loop, the phase 
loop could work at a low sampling frequency equal to the rotation speed. Thus the rotor was synchronous with an 
inner reference pulse within less than 10 s. Related experimental results about the chopper are provided. 
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1. Introduction 
A bandwidth limiting neutron chopper contains a feedback controlled motor and a mass disk with an 
opening. The motor drives the disk running precisely related to a neutron beam to chop it into designed 
pulses. The undergoing project is aimed at the first stage prototype of bandwidth limiting neutron 
choppers.  
The key problems to be solved during developing the prototype include: Motor control; Incorporation 
of the Neutron absorbing material onto the rotating disk; Mechanical reliability of the system. The main 
issues discussed here include the structure of the chopper, design specifications, neutron absorber 
construction and motor phase control. 
Analysis and experimental results about the strength of Boron Carbide + Resin composite covered on 
an Aluminum alloy disk is provided. They prove that the strength is high enough when the chopper rotor 
runs at a rotation speed of 3000 rpm. 
A little more emphasis is placed on the phase control of the motor. Because a special motor for the 
chopper usage was not available from the market, a general purpose PM servo motor was used in the 
chopper to drive the disk and control its phase. In the motor, there was an encoder with 3600 lines. It was 
used as precise angular position sensor. For this setup, the mechanical precision, balance level, motor coil 
current detection precision and technological level in motor production were not good enough. There 
would be larger torque disturbance introduced into the motor. 
The control of the motor was based on a dual-loop structure including a velocity loop and a phase loop. 
Because the motor had to deal with the torque disturbance within one rotation period to achieve good 
velocity loop control accuracy, and then achieve the high phase control accuracy demanded. The velocity 
control loop ran at a high sampling rate with help of the encoder, and the torque disturbance could be well 
restrained. With the stable inner loop, the phase loop could work at a low sampling frequency equal to the 
rotation speed. High accuracy phase tracking performance was achieved. The related experimental results 
are provided. 
2. Structure of the chopper and its design specifications 
A simple schematic plot of a Bandwidth Limiting Neutron Chopper is shown in Fig 1. 
 
 
Fig. 1. Schematic plot of a Bandwidth Limiting Neutron Chopper 
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 Till now, the specifications of the prototype Chopper are set as those in the Table I. 
 Table 1. Specifications of the bandwidth limiting neutron chopper 
Parameter Data Note 
Rotation speed 50/25 Hz  
Rotation speed ramp rate 4 Hz/min  
Phase control accuracy 10us  
Disk radius 300 mm  
Cut out of the disk ~90   
Thickness of the disk 4 mm at the edge 
Neutron absorber  B4C or other choices ~1 mm on each side of the disk 
Window for neutron beam 80 80 mm  
Shell thickness of the window 0.4 mm Al alloy 
Dynamic balance  G 1.0 ANSI 52.19 
The motor selected for the prototype system is a general purpose PM servo motor. Control diagram of 
the chopper is shown in Fig. 2. According to the specifications, the rotor should be synchronous with the 
reference pulse and the timing error should be within 10 s [1]. 
 
 
Fig. 2. Control diagram of the chopper 
3. Stress of rotor and neutron absorber 
Numerical computation on the stress and strain of the rotor was done by ANSYS. The preliminary 
result has shown that either strengths of the Aluminum alloy or the adhesion strength of the resin 
composite to the alloy is fine to work. The results are shown in Fig. 3. However effect of the opening cut 
has not been considered, which would reduce the strength. 
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Fig. 3. Stress and strain analysis based on ANSYS 
Experiments testing the adhesion strength of Resin + Boron Carbide composite were performed. The 
results show that percentage of B4C in resin affects the shearing strength of the adhesion, which will 
decrease with the increase of B4C. However, percentage of B4C of less than 20% in weight can still have 
the adhesion of more than 10 MPa, which seems strong enough to stand on the working speed. 
A smaller model of scale 1:3 was tested in rotating state for the strength of composite and its adhesion. 
The speed was raised as high as 200Hz. At this speed, the stress in the rotor would be expected to be 
higher than that of the 1:1 prototype at the speed of 50Hz. The test seemed to prove that the formula used 
for the Resin+Boron carbide mixture, and the adhesion strength to the aluminum alloy could stand the 
rotating speed. 
4. Motor phase control 
Motor control is very important for a precisely-phased rotating chopper [1]. The special investigation 
on motor control including some rotation experiments at different rotation speeds was carried out. In [1-
2], chopper motor control was discussed, and no high resolution encoder was used in the motor control 
loops. The inner loop current command for velocity control refreshed synchronous to control signal for 
the phase loop according to the reference pulse. Different from the control structure in [1-2], in the 
velocity control loop of our motor, the encoder was used to ensure the velocity control accuracy. Because 
the disturbance torque influenced the motor’s stable running, experimental results had shown that without 
careful current adjustment within one rotation period according to the encoder signal, accumulated phase 
error would be inaccessible. The result control structure of the motor is shown in Fig. 4. 
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Fig. 4.  The control structure of the motor 
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A dual-loop topology was used in the motor control including an inner velocity loop and an outer 
phase loop. The inner loop was used to achieve a stable running with the same speed as the velocity 
reference signal and the outer loop was used to adjust the phase error between the phase reference signal 
and the chopper Top Dead Center (TDC) signal. 
The inner loop worked at a sampling rate of 2 kHz, and a PI controller refreshed its current command 
according to the latest velocity error. With the help of the encoder, the velocity control could adjust its 
command with a much faster speed and restrain the torque disturbance outside. With the well controlled 
inner loop, the phase loop could work at a speed synchronous to the phase reference pulse and adjust the 
phase error through another PI controller. 
The effect of the motor control is good. A series of experiments were carried out. The phase error data 
recorded in 1400 seconds at a rotation speed of 47.86 Hz is shown in Fig. 5. It is seen that the maximum 
error is in the range of -5.12~5.12 us. The phase error statistical analysis for 60000 continuous rotation 
periods shows that 98.8% of the error is within the range of -2~2 us. 
 
Fig. 5.  Phase error data record 
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5. Conclusion 
The progress of developing the prototype of bandwidth limiting neutron chopper was introduced. The 
main structure of the chopper, the test of Boron Carbide + Resin composite, and the motor phase control 
were discussed. The strength of Boron Carbide + Resin composite covered on an Aluminum alloy disk is 
high enough when the chopper rotor runs at a speed of 3000 rpm. High accuracy phase control of the PM 
motor was achieved when a suitable control topology was used based on a special dual-loop structure. 
The phase error data at a rotating speed of 47.86 Hz was within the range of  5.12 s in test. 
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